A peer-verified, solid-phase extraction (SPE)/anion exchange liquid chromatographic method is presented for the determination of niacin in milk-based and soy-based infant formula. Analysis is in 3 steps: test sample digestion, extraction/cleanup, and liquid chromatography (LC). Digestion uses a standard AOAC digestion procedure that involves autoclaving at 121EC for 45 min in (1 + 1) H 2 SO 4 to free endogenous niacin from protein and to convert added niacinamide to niacin. The digest solution is adjusted to pH 6.5 with 7.5M NaOH. Acidification to pH <1.0 with (1 + 1) H 2 SO 4 precipitates the protein. The clarified solution is then filtered, and the filtrate is brought to volume. SPE of niacin is accomplished by passing an aliquot of the digest solution through an aromatic sulfonic acid-SPE (ArSCX-SPE) column. After the column is washed with methanol and water to remove extraneous material, the niacin is eluted with 0.25M sodium acetate/acetic acid buffer at pH 5.6. An anion-exchange polystyrene-divinylbenzene column with 0.1M sodium acetate/acetic acid buffer at pH 4.0 is used for LC. Niacin is determined by UV detection at 260 nm. A standard curve is prepared by passing known amounts of niacin through the ArSCX-SPE columns used for niacin extraction.
The following values for x and relative standard deviation (RSD) were obtained for National Institute of Standards and Technology Standard Reference Material (NIST SRM) 1846 Infant Formula with a certified value for niacin of 63.3 ± 7.6 µg/g: Submitting laboratory.-x = 59.7 ± 4.0 µg/g; RSD = >6.7%; confidence interval (CI) = ± 1.4 µg/g; n = 27. Peer laboratory.-x = 56.6 ± 6.6 µg/g; RSD = >11.7%; CI = ± 4.1 µg/g; n = 8.
Summary of Results of Verification Study

Matrix
The matrix in this study was SRM 1846 Infant Formula (NIST, Gaithersburg, MD).
Number of Test Samples
The submitting laboratory analyzed 27 test samples; the peer laboratory analyzed 8 test samples.
Precision of Submitting Laboratory
(1.3.1) Standard curve reproducibility.-Intralaboratory data for the variation in 11 daily niacin standard curves obtained by the submitting laboratory over 3 months were used to prepare the mean linear standard curve shown in Figure 1 . Linear regression analysis of the mean peak areas at each level of niacin represented in the standard curve shows excellent linearity over the range of analysis. For each level of niacin determined, the 95% confidence interval (CI) demonstrates excellent reproducibility between daily runs. However, these data do show the necessity of preparing standard curves for every series of determinations to account for daily fluctuations in instrument response and chromatographic conditions. Values for the slope (m), the intercept (b), and the regression coefficients (R) of the mean standard curve are as follows: (peak area) m = 1449, b = +7936, R = 0.9997, and R 2 = 0.9994; (peak height) m = 430.27, b = -2.34, R = 0.9998, and R 2 = 0.9996.
(1.3.2 ) Test sample reproducibility.-Intralaboratory data for the method show good reproducibility for the determination of niacin in SRM 1846, and in commercial milk-and soy-based liquid and powdered infant formulas (Tables 1-5 ). (1.4.2) Test sample repeatability.-Average niacin values for SRM 1846 obtained by the peer laboratory are given in Table 1. All analyzed matrixes gave RSDs consistent with the acceptable value of 8.6% obtained for the 60 µg/g range of the level of the analyte analyzed by using the modified Horwitz limits of acceptability equation from the AOAC Peer-Verified Methods Program (1, 2).
Precision of Peer Laboratory
Results
(1.5.1) Accuracy for reference material.-NIST SRM 1846 Infant Formula, with a certified niacin value of 63.3 ± 7.6 µg/g (3), was used as a known reference matrix to establish the accuracy of the method for milk-based infant formula products. Values for the niacin content of SRM 1846 obtained by the submitting and peer laboratories are summarized in Table 1. All niacin values from the submitting laboratory were determined by peak area calculation unless otherwise specified. All niacin values from the peer laboratory were determined by peak height calculation because its computer program for liquid chromatography (LC) malfunctioned. Niacin values obtained by both laboratories were within the limits of the certified value for SRM 1846.
(1.5.2) Commercial products.-Niacin data for commercial milk-and soy-based liquid and powdered infant formulas obtained by the submitting laboratory are contained in Table 2. The range of the niacin values for these commercial products was higher than that for the declared label values. This is not surprising because these higher levels are routinely provided by manufacturers to ensure compliance with the nutrition labeling requirements of the U.S. Food and Drug Administration (FDA; 4). For all the matrixes examined, the RSDs were well within the Horwitz (1) limits of acceptability for the level of analyte determined.
Safety Precautions
Normal care should be exercised in the handling of the solvents, acids, bases, and buffers used in this procedure. Methanol is flammable. Use appropriate hazardous waste procedures.
Scope
Matrixes
Commercial milk-and soy-based powdered and liquid infant formulas.
(3.1.1) NIST SRM 1846.-Infant Formula (milk-based) was used as the test matrix to represent milk-based infant formulas for in-depth studies by the submitting laboratory (5) and for the interlaboratory peer study.
Number of Test Samples
For the interlaboratory collaboration, the submitting laboratory determined niacin in 27 unspiked test samples of SRM 1846 and 10 niacin-spiked SRM 1846 test samples. The peer laboratory determined the niacin content of 10 test samples of unspiked SRM 1846 and 6 test samples of spiked SRM 1846. The submitting laboratory analyzed additional test samples in order to link the interlaboratory study to a variety of commercial products. Twelve commercial milk-and soy-based powdered and liquid infant formulas were analyzed a minimum of 3 times each. Four commercial soy-based infant formula powders were used for niacin recovery studies.
Applications
Solid-phase extraction (SPE) column cleanup of acid digests of milk-and soy-based infant formula matrixes, followed by LC, provides for a simple, rapid analysis for niacin when compared with the laborious and time-consuming microbiological method (6). Naturally occurring compounds, which absorb at 260 nm, are removed, resulting in the absence of interfering peaks at the retention time of the niacin peak. Accuracy, precision, and reproducibility are very good for the 25-100 µg/g range usually found in these matrixes. An analyst should be able to process approximately 15 test samples per day, plus 4 standards, assuming overnight, automated LC capabilities.
Limitations
This method is, at present, limited to milk-or soy-based infant formula matrixes, which are readily digestible in dilute H 2 SO 4 . Our experience using high protein NIST standards such as Reference Material (RM) 8418 Wheat Gluten and RM 8414 Bovine Muscle resulted in low niacin recoveries, due mostly to poor acid digestion. Also, LC of niacin from aromatic sulfonic acid (ArSCX-SPE) extracts of these standards and commercial household wheat flours showed interfering peaks at the retention time of niacin (7). (5. 
Principle
Analytical Principles
Niacin determinations by microbiological methods (8) are both laborious and time consuming. Several LC methods for niacin determination exist in the literature (9-14). However, LC analysis is complicated by interferences from coeluting endogenous substances that absorb at the 260 nm wavelength conventionally used for UV detection of niacin. Cleanup procedures to remove these interferences have been reported (15, 16) . This new method is an adaptation of an open-column gravimetric cleanup procedure reported by Chase et al. (15) . Modifications include use of a vacuum manifold system with SPE columns for simple, rapid extraction of a large number of test samples.
According to the standard preparation procedure used for the microbiological niacin assay, AOAC Method 985.34 (17), the test sample is dissolved in (1 + 1) H 2 SO 4 and autoclaved for 45 min at 121°C. To precipitate the protein, the acid digest is adjusted to pH 6.5 with 7.5M NaOH (8.1.3; ca 5 mL) and immediately readjusted to pH <1.0 with (1 + 1) H 2 SO 4 (ca 1.5 mL). The digest solution is filtered, and the filtrate is brought to a final volume of 35.0 mL. A 3.0 mL aliquot of the filtered digest solution is passed through a prewashed ArSCE-SPE column (8.1.10), the column is washed, and niacin is eluted by using 0.25M sodium acetate/acetic acid buffer (8.1.8). The column (8.1.10) is prewashed 3 times with methanol (8.1.1), and then 3 times with water, to remove potential interfering compounds and activate the column surface. After the SPE extract is brought to final volume of 15 mL, aliquots are then introduced into the LC system (9.1.1) for analysis on an anion-exchange polystyrene-divinylbenzene column (9.1.2) with an isocratic mobile phase of 0.1M sodium acetate-acetic acid buffer (8.1.9), at a column temperature of 35EC.
Niacin is determined by UV detection at 260 nm with a variable-wavelength detector or at 254 nm with a fixed-wavelength detector (9.1.1).
Standard Curve Quantitation
Niacin levels in SRM 1846, as measured by peak area and peak height and calculated by using both unweighted and weighted standard curves, were evaluated for differences by analysis of variance (ANOVA), as shown in Tables 3 and 4. The results for 24 test samples, each calculated by 4 different methods (peak height, peak area, weighted, and unweighted), gave 96 data points for the overall ANOVA comparison. The niacin data were analyzed as a 3-factor general linear model by using SAS-PROC mixed with method (weighted vs unweighted) and peak (height vs area) as the fixed effects and date (of analysis) as the random effect. Data were calculated at the 95% confidence level. ANOVA showed that no significant differences in niacin values were obtained by using these 4 adaptations of methods for calculation of standard curves.
ANOVA of 4 commercial soy-based infant formulas, using the 4 calculation methods, showed a low degree of variability, the same as obtained for SRM 1846. Niacin values as determined by the method of standard additions (MOSA ; Tables 3  and 4) were identical to those obtained by the 4 standard curve calculation methods.
Regardless of the calculation method, niacin values were within the uncertainty limits of the certified values of SRM 1846 (5).
Method of Standard Additions
Niacin concentrations in spiked test portions were determined by MOSA as a means to evaluate and overcome matrix and/or preparation effects. The plotted MOSA line is the standard curve reflecting the analytical response of the added analyte (niacin) in the presence of the matrix, offset by the amount of endogenous niacin in the test sample. Analyte (niacin) concentration in the test sample is obtained from the equation y = mx + b by calculating x = -b/m, at y = 0 (18). Linear regression analysis of the MOSA data obtained by both the submitting (a typical curve) and peer laboratories (x of the 8 determinations) gave linear responses with R 2 = 0.9755 ( Figure 3) . Table 1 shows the good agreement between the niacin levels obtained by both laboratories for SRM 1846. 
Reagents and Supplies
Disclaimer: Mention of a trademark or proprietary product does not constitute a guarantee or warranty of the product by the U.S. Department of Agriculture and does not imply its ap-proval to the exclusion of other products that may also be applicable.
(8. 9 Apparatus (9.1.1) LC system and detector.-Capable of producing ca 3000 psi; autosampler desirable for overnight analysis of extracts; variable-wavelength or fixed-wavelength UV detector for detection at 260 or 254 nm, respectively.
(9.1.2) LC column.-Anion-exchange PRP-X100 (Hamilton Co., Reno, NV), 250 × 4.1 mm; in-line anion guard filter; column with oven heater at 35°C. Standard curve correlation coefficient should be $0.995. An injection of 100 µL solution containing 1.0 µg niacin/mL should give an area of $5 times baseline noise. Mobile phase flow rate is 1.5 mL/min. Discard mobile phase buffer if turbid microbial growth is evident.
(9.1.3) Recommended procedure for optimal LC performance.-Analysis of a large number of extracts results in a decrease in niacin retention time because of an accumulation of extracted materials on the LC column (9.1.2). The LC system (9.1.2) should be periodically scrubbed by passing 150 mL nitric acid-methanol (1 + 99) through the system, followed by 100 mL water, at a flow rate of 1.0 mL/min. Our experience was that niacin retention time decreased 4-5 min after analysis of ca 50-70 samples. Anion-exchange is then regenerated by passing LC mobile phase buffer (8.1.9) through the system for 3-4 h at 1.5 mL/min or until baseline stability returns to the previous level. Repeated injections of niacin standard (7.1.1) at 20 µg/injection are made until the baseline and niacin peak retention times are reestablished to previous values.
Before a standard curve is prepared, the active sites of the anion-exchange column should be sorbed by injection of at least one niacin standard at $20 µg/injection (7.1.4). Compare baseline, niacin peak shape, and reproducibility with those of previous LC runs. Confirm niacin retention time by spiking with niacin standard at $2 times the niacin level of the positive extract. Confirm niacin peak by matching increased peak areas/heights of unspiked and spiked positive extracts.
LC resolution is affected by pH and to a lesser degree by molarity. The niacin standard curve must be obtained by passing standard niacin through the column (8.1.10). If computerized calculation software is used, evaluate slope, intercept, and correlation coefficient by using free-floating versus curve-forced-through-origin. The niacin standard curve should give the proper correlation coefficient and coefficient of determination if the above conditions are met. Our experience with 100 µL injection loops having 0.010 in. (0.025 cm) diameter periodically resulted in increased reproducibilities (RSDs) of >10% as well as increased variabilities. Substitution of a 100 µL loop having a 0.020 in. (0.051 cm) diameter resulted in a more consistent RSD of <10% and a significant decrease in variability. Greater accuracy is obtained by bracketing the test sample extracts with the niacin standards at the beginning and the end of the LC run. The average of the 2 niacin standard curves is then used to calculate the niacin level in the extract. If greater accuracy or precision is desired, 3 injections per extract are recommended. Area counts should be sufficiently high that the lowest area count gives an RSD of <10% from multiple injections.
Sampling
Sampling Procedure
This method has been tested with milk-and soy-based powdered and liquid infant formulas. 
Test Sample Preparation
Once the test sample container has been opened, no special precautions are necessary for the powdered materials. Liquid infant formulas are refrigerated. Powdered formula can be refrigerated or kept at room temperature.
Controls Preparation
Reagent blanks and control reference materials are treated exactly as laboratory samples.
Procedure
Test Portions
Accurately weigh test sample to give final niacin concentration of 100-180 µg niacin/analysis. This would be ca 2-4 g for powdered infant formulas. SRM 1846 sampling constant studies showed that significant analytical errors can result from using material containing niacin concentrations that are below these levels (19).
Digestion
(12.2.1) Quantitatively transfer milk powder or liquid to 150 mL beaker by rinsing test portion into weighing boat with 10.0 mL warm (70-90°C) water. Gently swirl mixture until test portion is solubilized (complete suspension), add 2.0 mL (1 + 1) H 2 SO 4 (ca 1.25M in final volume), and cover with watch glass. Autoclave at 121°C for 45 min and cool to room temperature. Rinse underside of watch glass cover with dropwise additions of water (0.5 mL total), collecting rinsings in the digestion vessel.
(12.2.2) Using a pH meter, carefully adjust pH to 6.5 with 7.5M NaOH (ca 4.5-5.0 mL), followed immediately by 1.5 mL (1 + 1) H 2 SO 4 to adjust pH to 1.0.
(12.2.3) Filter pH-adjusted digestate through prewashed filter paper (8.1.15), and collect filtrate in 50 mL screw-cap conical centrifuge tube, being sure that all of the solution passes through the filter paper (30 min). Rinse the beaker with 5 mL water, transferring the rinsings to the filter paper, allowing the rinsings to pass through and be collected with the filtrate in the centrifuge tube. Repeat the 5 mL rinse a second time.
(12.2.4) Bring filtrate to a final volume of 35.0 mL (or another volume, marked on the side of the conical tube) with water. Treat working niacin standard digestate (7.1.3) in the same way as the test portion digestate. Final volumes for the niacin standard and test portion should be the same to minimize dilution factor errors.
Solid-Phase Extraction
(12.3.1) Place the ArSCX-SPE column on the vacuum manifold. The ArSCX-SPE column is prewashed 3 times with 6 mL methanol, followed by 3 times with 6 mL water. Discard washings. This column pretreatment is necessary to remove potentially interfering compounds and to activate the column surface (20, 21). (12.3.2) With the manifold stopcocks closed, add 3.0 mL filtrate to the activated ArSCX-SPE column. For the niacin standard, add 3.0 mL aliquot to the activated ArSCX-SPE column.
(12.3.3) Adjust vacuum gauge on pump (ca 10 psi) to obtain a slow-medium flow rate of ca 1.45 min for 6 mL buffer to flow through the ArSCX-SPE column.
(12.3.4) Open manifold stopcocks, vacuum-suction the filtrates through the column into the system reservoir tank. Close individual column stopcocks when all liquid has just entered column. Wash excess fluid from the column by adding 3.0 mL water to the ArSCX-SPE column reservoir, open stopcocks, flush liquid, and close stopcocks when all the wash solution has entered the column. Rinse the reservoir tank with water and discard wash solution from the reservoir.
(12.3.5) Place tube rack containing 50 mL graduated centrifuge tubes into reservoir tank, and place manifold on top so that the cannula of each column is aligned into the collection tube.
Elution of Niacin from Digest Filtrate, Using
ArSCX-SPE Column (12.4.1) Place 3 mL of digest filtrate (12.2) on the ArSCX-SPE column (for each of the ArSCX-SPE column reservoirs, turn on vacuum to -10 psi on the manifold gauge, and open column stopcocks until the meniscus of the filtrate reaches the top of the column packing).
(12.4.2) Add 3.0 mL water, and wash column until the meniscus of the wash reaches the top of the column packing; close the column shut-off valve. Remove manifold and set aside, discard the wash eluate wastes, and rinse the collection reservoir with water. Drain and towel dry.
(12.4.3) Insert the collection rack containing the labeled 50 mL conical centrifuge tubes, and replace the manifold on the collection reservoir. Add 6.0 mL sodium acetate/acetic acid elution buffer, and collect extraction buffer in the 50 mL conical tubes. Repeat niacin extraction by passing another 6.0 mL sodium acetate/acetic acid elution buffer through the ArSCX-SPE column, and collect extraction buffer in the tubes containing the first extract. When columns are dry after second buffer extraction, shut off vacuum pump, and remove collection tube rack.
Niacin LC Analysis
Bring standard and sample extracts to final volume of 15.0 mL with 0.5M sodium acetate/acetic acid buffer, using scale on side of collection centrifuge tube. Vortex carefully, transfer 1.0 mL aliquot of each extract to LC vials, and cap vials. The vessel calibration scale is accurate for these measurements, as proven by linear regression analysis of the method.
Calculations
Standard Curve
A standard curve is generated by using $4 niacin levels carried through the complete digestion and extraction procedure (12.4.1-12.4.5). Standard niacin levels should bracket the expected amount present in the extract.
(13.1.1) Plot peak area or peak height response to dose either by using the computer generated standard curve or by graphical plot. The standard curve must be obtained for each extraction/LC series to compensate for daily instrumental fluctuations.
Recovery of Niacin Added to SRM 1846
(13.2.1) To the same extract of SRM 1846, add the working niacin standard. Pipet 1000, 1500, and 2000 µL niacin working standard solution to give a niacin curve of 0, 100, 150, and 200 µg/column. At least 3 levels of added niacin are needed for recovery analysis.
(13.2.
2) The values for total niacin obtained for the spiked extracts are compared with the expected amounts of niacin from the spike plus the endogenous amount in the extract. The ratio of niacin recovered to niacin expected is then plotted, and (13.2.3) Another calculation method for recovery of added niacin spikes in a positive extract involves subtraction of the niacin found in the unspiked extract from that found in the spiked extract. The percent recovery is calculated by dividing the resulting observed increment due to the spike by the expected added amount and multiplying the result by 100. This method accounts for the background level of the endogenous analyte in the extract (18, (22) (23) (24) . 
Computer-Generated Standard Curve
Peak areas or peak heights are obtained by using the appropriate LC computer program. Use the average of 2 peak areas for each niacin standard if extracts are bracketed. The procedural blank data are not shown but are consistently a zero baseline in the liquid chromatogram.
13.5 Excel-Generated Graphical Plot, y = mx + b
Niacin (µg/g) = (µg niacin found) ÷ weight of test portion
Recovery Calculations
For ratio plot.-Niacin (µg/test portion) found ÷ niacin (µg/test portion) expected. Linear regression equation:
Positive test portion.-Niacin (µg/total test portion weight) found -niacin (µg/total test portion weight) in unspiked test portion = recovered niacin spike (µg/test portion).
Test Results Report
Data Results
Data obtained by the submitting and peer laboratories are summarized in Tables 1-6 and Figures 1-9. 
Statistical Analysis
Data were statistically analyzed with either Excel or Proc Mixed SAS/STAT software (25). Where applicable, analytical data measurements were statistically examined for extreme differences from the main body of measurements by using the Dixon test for outliers (26, 27) . Intra-and interlaboratory precision were evaluated by testing for acceptable variability, using the limits of acceptability criteria of Horwitz (1). All assumptions of linear regression analysis were met.
Means Equivalence Analysis
Tests for niacin values were analyzed by the ratio of means technique described by Atherton-Skaff and Sloan (28). The distribution of niacin values, obtained by the submitting and peer laboratories, and the method of obtaining these niacin values by the standard curve and MOSA calculation methods were tested for normality by using the Wilcox test in SAS PROC UNIVARIATE (29). Because the hypothesis for normality was not rejected, the niacin values and method of calculation were equivalent between calculation methods and between the submitting and peer laboratories.
Interlaboratory Peer-Verified Study
The participants were 2 U.S. Government laboratory analysts. The AOAC Peer-Verified Methods Program (2) 1846 Infant Formula. The integration of the Data Quality Objective (DQO) Process (30) in conjunction with the use of reference materials was followed for the application for valid statistical procedures for data acceptance, data verification, and validation of method performance. All determinations by the peer laboratory were in duplicate. No special handling precautions except those specified in the protocol were necessary.
Commercial Soy-Based Infant Formula
Individual niacin values obtained by the submitting and peer laboratories for commercial soy-based infant formula powders were higher than the label claim, which is not surprising. Higher levels of niacin are usually added so that compliance with nutrition labeling requirements is satisfied (4). Variability was consistent and within the limits of acceptability (1).
Liquid Chromatograms
Liquid chromatograms from the submitting laboratory for the ArSCX-SPE extract of SRM 1846, unspiked and spiked with niacin, are shown in Figure 4 . The liquid chromatogram obtained by the peer laboratory for niacin in SRM 1846 is shown in Figure 5 . Both laboratories obtained a clean, single, interference-free niacin peak. Figure 6 shows that niacin is completely separated from the 5 common nucleobases, which absorb at 260 nm with UV detection and may occur in these materials. The liquid chromatograms obtained for unspiked and niacin-spiked commercial soy-based infant formula powder are shown in Figure 7 .
Quality Assurance
Dose-Response Curves
The dynamic range of 0.4-100 µg/mL used in this study was linear, and the detection limit was 0.2 µg/mL. Peak area response for the niacin standard dose-response curves was obtained by 3 different methods, i.e., computer-generated (PC-1000), Excel graphical plot, and MOSA. The actual linear dynamic range is much higher than the range used in these experiments. MOSA was used to diagnose any matrix bias errors due to test portion extraction and complex matrix interferences, and to verify and validate the values obtained by the PC-1000 and Excel graphical standard curves (Figure 8 ).
Reproducibility and Recovery
The niacin values obtained by the submitting and peer laboratories for niacin-spiked SRM 1846 Infant Formula are shown in Table 5 . Values obtained by both laboratories show slightly high recoveries and RSDs that are well within the limits of acceptability (1).
Recovery as a Function of Concentration
The ratios of niacin found/niacin added (expected) that were obtained by the submitting and peer laboratories for a typical test portion of SRM 1846 are shown in Figure 9 . Deviations from the theoretical slope (= 1) and intercept (= 0) values of the response curves obtained are attributed to experimental variability (31) or to "corrigible systematic error," as 
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defined by Cardone (18, 22, 23) as consisting of both constant and proportional errors. The intercept of the found/expected line is an indication of the amount of niacin in the true test sample blank. In the absence of a true "zero control reference material" (32) in which the matrix contains no analyte, proper blank correction for the matrix relative to the niacin standard curve in buffer is not possible. Because of the background signal, some discrepancy can be found in the estimate of recovery from spiked matrixes as compared with the estimate of recovery from spiked chemical buffer solution blanks. Linear regression analyses of the found/expected ratio curves for both the submitting and peer laboratories show that the amount of niacin found is linear (R 2 >0.99), with the slope of the ratio of found/expected amounts near unity, within experimental error, for all test samples analyzed. This means that >98% of the variation in the found value is accounted for only by the variation in the expected niacin value over the concentration range analyzed. Thus, the recovery of added niacin is consistent and complete over the dynamic range of added niacin that was investigated (24, 33). Figure 3 shows the dose-response curves for niacin and niacin-spiked SRM 1846 obtained by the submitting and peer laboratories. The unweighted regression analyses of niacin added versus instrument response for both peak area and peak height curves indicate an absence of matrix bias because, within error, the slopes of the MOSA identity and standard curves are nearly parallel, with an intercept near zero. MOSA calibration results in normalization of proportional error from the point of the procedure where the analyte spike is introduced into the matrix. Also, LC/diode-array spectra of all extracts showed a single peak, which is identical to that of the standard niacin digest. For the 3 matrixes analyzed, these criteria indicate the absence of interferences under the niacin peak (18, 23, 24) . A linear regression analysis of the ratio of found/expected niacin from spiked SRM 1848 (positive spiked extract) shows a similar response with a slope near unity. Thus, the background analyte level in the test sample is very low and near or within the intended range of the method. 
Dose-Response Curves for Niacin-Spiked Positive Test Sample
Test of Standard Curve Repeatability
For the 11 niacin standard curves obtained by the submitting laboratory, over a 3-month period in 1997, by using peak area calculations, all RSDs are <16% for each level of niacin determined. Curves calculated from peak heights for these data show an RSD of >16% for the 4 µg niacin/column level.
All higher niacin levels were within the acceptable range. Because the 4 µg niacin/column level is approaching the detection limit, the minimum amount of niacin used for the standard curve should be 6 µg niacin/column. The peer laboratory obtained 4 niacin standard curves by using peak height calculations. The RSDs for peak area and peak height calculations by both the submitting and peer laboratories are under the acceptable 16% determined for the analyte level according to the Horwitz criteria (1).
Test of Linearity
Laboratory data for the computer-generated niacin standard curves in Figures 1 and 2 were used for the test of linearity. Linear regression analyses of the mean values for the data sets obtained by the submitting and peer laboratories show very good linearity over the analytical range with R and R 2 = 0.9990 for the data sets, obtained on separate days. 
Footnotes and User Comments
Performance Characteristics
The performance characteristics of an analytical method are a set of quantitative and experimentally determined values for parameters of fundamental importance in assessing the suitability of a method for any given purpose (34). Thus, performance characteristics refer to the quality of the results obtained.
Data Quality Objectives
DQOs are quantitative specifications that provide for establishing the minimum quality of data for a specific investigation. These DQOs also provide for establishing both qualitative and quantitative method performance characteristics and are used to evaluate decision criteria for data acceptance (24, 30) .
Integration of the DQO process with the use of appropriate reference materials provides an additional mechanism for establishing the potential of method performance for accurate analytical results (1, 19) . For this Peer-Verified Methods study, the required DQOs include verification and validation of niacin data that are consistent and within the limits of the reference value for niacin in NIST SRM 1846 Infant Formula. Additional DQOs for variability of the analytical results are RSDs of <8.6% in accordance with the Horwitz (1) criteria for limits of acceptability for analytes determined at the 60 µg/g level of the analyte tested.
For this niacin method, the best estimates of statistical parameters resulting from intralaboratory and interlaboratory collaborative studies are evaluated by application of valid statistical procedures (5, 7, 35). Figure 8 for (i) MOSA spiked, (ii) identity (MOSA spiked minus the intercept of the unspiked analyte), and (iii) niacin standard curves. Figure 8A is a typical set of curves obtained by the submitting laboratory. Figure 8B is the average of the 8 MOSA data sets (i, ii), with the average of the duplicate standard curves (iii), obtained by the peer laboratory. Linear regression analysis of the dose-response for the added niacin with peak area from the submitting laboratory shows a linear response with R 2 close to unity. The slopes of the MOSA and identity curves are identical by definition. Because the slopes of the identity and standard curves are nearly identical, no significant matrix interferences are observed. These data show that within experimental error, the niacin-spiked test sample is chemically and physically representative of the niacin analyte in the test sample matrix examined. Thus, the response is accounted for only by the variation of the concentration of the analyte (niacin) being measured (18, 23, 24, 36) .
Recovery
(16.4.2) Niacin recovery as a function of concentration.-Data from the submitting and peer laboratories for niacin recovery as a function of expected concentration for a set of standard additions to SRM 1846 are shown in Figure 9 . Linear regression analysis shows that the response as a function of concentration is linear with R 2 = 0.9970 with slopes of unity, within experimental error. These data demonstrate that for spiked positive test sample analysis, the background interference level is very low and is not significant within the intended measurement range of the method. Thus, the recovery of niacin is consistent and quantitative over the range investigated (18, (22) (23) (24) 33) .
(16.4.3) Recovery of added niacin.-Results from the submitting and peer laboratories for recovery of niacin added to SRM 1846 are given in Table 5 . The average recoveries obtained by both laboratories range from 98 to 105%.
(16.4.4) Means equivalence statistical analysis.
-Niacin values obtained between the 2 laboratories and between the 2 calculation methods (standard curve and MOSA) were compared by the ratio of means technique described by Atherton-Skaff and Sloan (28). For this ratio test, it was assumed that the ratio tested at the 10% level, with a significance of 0.05. Therefore, when the decision is equivalence, the conclusion is that with 95% confidence, the 2 population means differ by #10%. Results of this statistical analysis (Table 6) show that both the submitting and peer laboratories obtained the same niacin values by using both the standard curve and MOSA calculation methods. Because the hypothesis of normality was not rejected, the 2 data treatment means differ by #10%. Thus, the data obtained by both laboratories are the same.
(16.4.5) Limit of detection.-The limit of detection (LOD) is the lowest content of the analyte that can be detected and identified (38) . For this method, the LOD, as defined by a value of 3 times the SD of the lowest standard used in the analysis, is 0.2 µg/mL for the solution introduced into the liquid chromatograph.
(16.4.6) Lower limit of quantitation.-The limit of quantitation (LOQ) is the smallest concentration for which quantitative tests of the precision and bias of analytical results can be made (36). For this method, as defined by a value of 10 times the SD of the lowest standard used in the analysis, the lowest concentration point at which niacin can be quantitated is 0.7 µg/mL, corresponding to a level of 20 µg niacin per analytical sample. Sampling constants (contribution to variation of 1% due to sampling) for niacin in SRM 1846 are in the range of 2-3 g. Use of subsample sizes lower than this amount of material can introduce significant variation when this SRM is used to validate analytical methodology (19).
(16.4.7) Mechanism of ArSCX-SPE column extraction.-The mechanism for cleanup and extraction of niacin by ArSCX-SPE from interfering compounds present in the acid
